The Vibration problem is the main cause of pipeline accidents. Passive vibration absorber is widely used in pipeline vibration absorption which has small environmental dependence and high engineering applicability. The free vibration of pipeline system is analyzed by transfer matrix method. The vibration absorber is introduced in the second kind of Lagrange equation. The damping term is introduced into the equation in the form of damping viscous force. The forced vibration of pipeline is analyzed by solving the vibration equation. The correctness of this method is verified by comparing with the finite element method. A three-section pipeline model with vibration absorber is analyzed in this paper. The results show that when a large mass absorber is divided into two small mass absorbers, the effect of vibration absorption will be improved.
Introduction
Pipeline system is widely used in ship industry, mechanical power, petrochemical industry and other fields. The Vibration is the main cause of pipeline accidents. Passive vibration absorber is widely used in pipeline vibration absorption which has small environmental dependence and high engineering applicability. Bi [1] proposes using pipe-in-pipe systems for the subsea pipeline vibration control. Yano [2] proposes added mass and added damping to address the effects of vibration of the damping material on the vibration of a pipe. Liu [3, 4] from Harbin Engineering University analyzed the vibration problem of the arbitrary boundary conditions and the liquid-filled pipeline system with branch structure. Ramasamy [5] tests a vibrating effect by fixing a viscoelastic disc around a bend tube around its length. Cao [6] expounds the working principle and function of the new type of pipeline bidirectional elastic damping damper. In this paper, the forced vibration analysis of the pipeline system with vibration absorber is mainly carried out by using the transfer matrix method and the second type of Lagrangian method.
Pipeline Dynamic Equation

Establish a Pipeline Transfer Matrix
Straight tube lateral vibration transfer matrix: 2  3  4  1  2  3   2  3  4  1  2   2  2  3  4  1   3  2  2 3
E is the modulus of elasticity; I is the moment of inertia; ρ is the density; A is the cross-sectional area; ω is the natural frequency.
Straight pipe longitudinal transfer matrix:
(2) Straight tube torsion transfer matrix:
(3) G is the shear modulus and I  is the polar moment of inertia. The state variables of the straight pipe are as follows.
(5) Combine single tubes into complex piping systems through force balance and displacement coordination conditions. By introducing specific boundary conditions, the natural frequency and mode shape function of the system can be obtained.
Establish a System Forced Vibration Equation
Let the position of the vibration absorber be 0
x , the mass of the vibration absorber is m , the stiffness is k , and the damping is c . Set the vibration absorber toxy and the displacement of the vibration absorber is  . List the kinetic and potential energy of the piping system after the introduction of the vibration absorber.
yi  is the transverse mode function in the y direction, zi  is the transverse mode function in the z direction, i  is the torsional mode function and i  is longitudinal mode functions in the x direction.
Bring kinetic energy and potential energy into the second type of Lagrangian equation.
The vibration absorber damping is used as the damping viscous force, and the generalized force form of the damping viscous force is the formula 10,11. 
The response of the piping system is solved using a direct solution with a damped multi-degree of freedom system. The vibration equation of the system is the formula 12.
(12) According to the modal superposition method, the pipeline system response solution position is R L , it is set to solve the forced response of the position.
Case Analysis
Numerical Verification
The vibration absorber is placed at position C, as shown in Figure 1 . Among them, the vibration of the vibration absorber is 48400 /  k N m , the mass of the vibration absorber is 1  m kg , the damping form of the vibration absorber is viscous damping, the damping ratio is set to 0.005, and the damping is c . Free vibration analysis of complex pipelines. In the finite element method, the beam uses the BEAM188 unit, the spring uses the COMBIN14 unit, and the mass uses the MASS21 unit. The natural frequency results of the piping system are shown in Table 2 . By comparison with the finite element results, the error between the calculation result of the method and the finite element method is less than 3%, which is within the error range. The correctness of the method can be verified.
A vertical load is applied at point E of the pipeline to analyze the forced vibration of the pipeline. The exciting force is Equation 13. Figure 1 , and compared with the ANSYS finite element simulation calculation results, as shown in Table 3 . Among them, the total vibration level when the vibration absorber is not added is 106.98 dB. It can be seen from Table 3 that the total vibration level of the pipeline system assessment position is reduced by 2.18 dB. The vibration absorber has a significant vibration absorption effect. The numerical results agree well with the ANSYS finite element simulation results, and the error is less than 3%.
Vibration Absorber Combination Analysis
When the mass of the vibration absorber is selected, the natural frequency and action position of the vibration absorber are analyzed when the optimal vibration absorption effect is analyzed.
Analysis Figure 2 shows that the total vibration level of the pipeline system is relatively small when the natural frequency of the vibration absorber is around 34.96 Hz, and the distribution position of the pipeline system is relatively small when the total vibration level is relatively small at 8 m (point C). It is 104.80dB.
The 1 kg vibration absorber was split into two 0.5 kg vibration absorbers of equal mass and the like, and the natural frequency of the vibration absorber was 35.09 Hz. Change the distribution position of the vibration absorber and calculate the total vibration level of the pipeline system, as shown in Figure 3 . It can be seen from Fig. 3 that when one of the vibration absorbers is distributed at 8 m (point C) and the other vibration absorber is placed at 10 m (the right side of the midpoint of L3), the vibration absorption effect of the piping system is preferably 101.5 dB. When both shock absorbers are arranged at 8m (point C), the total vibration level of the evaluation position is 104.8dB, which is the same as the calculation result of placing the vibration absorber in Fig. 2 . Compared to a single vibration absorber, the two mass-sized vibration absorber combinations are more flexible and the damping effect is more pronounced.
Conclusion
1) Compared with finite element simulation, the method has the advantages of high precision, convenient programming and fast calculation speed. The method can provide a theoretical reference for the parameter design and optimal installation position of the passive dynamic vibration absorber.
2) By changing the vibration absorption frequency and distribution position of the vibration absorber, the optimal parameters of the optimal vibration absorption position of the vibration absorber are found. In this model, the optimal vibration absorption position is 8m from the fixed point O, and the natural frequency value is about 35Hz. It has obvious vibration absorption effect on the pipeline system.
3) By splitting a 1kg absorber into two 0.5kg absorbers, it is found that the vibration absorption effect is better and the vibration absorber combination is more flexible.
